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Applicant: DE BENEDITTIS et al . 

Inf 1. Appl. No.: PCT/EP99/05326 

Appl . No . : New Group : 
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TELECOMMUNICATION SYSTEM 
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Sir: 

The following Preliminary Amendments and Remarks are 
respectfully submitted in connection with the above-identified 
application . 

AMENDMENTS 

IN THE SPECIFICATION: 

Please amend the specification as follows: 

Before line 1, insert — This application is the national 
phase under 35 U.S.C. § 371 of PCT International Application No. 
PCT/EPOO/05326 which has an International filing date of 
September 1, 1995, which designated the United States of 
America . — 
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IN THE CLAIMS: 



Please amend the claims as follows: 



Claim 9, line 1, change "the previous claims" to 



— claim 1 — 



REMARKS 



The specification has been amended to provide a cross- 
reference to the previously filed International Application. 

The claims have been amended to remove the multiple claim 
dependency and to place the application into better form prior to 
examination . 

If necessary, the Commissioner is hereby authorized in this, 
concurrent, and future replies, to charge payment or credit any 
overpayment to Deposit Account No. 02-2448 for any additional 
fees required under 37 C.F.R. § 1.16 or under 37 C.F.R. § 1.17; 
particularly, extension of time fees. 
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"Method and Device for the Antenna Selection in a Digital Telecommunication 
System" 



Technical Field 

The present invention relates to digital telecommunication systems according to 
Time Division Multiple Access (TDMA), and in particular, but not exclusively, relates to 
systems operating according the DECT standard (Digital Enhanced Cordless 
Telecommunications). 

More precisely, the present invention relates to a method and a device for the 
selection of an antenna used in the fixed radio station of such system. 
In the following description reference will be made in particular to a DECT system, 
without that this should be limited thereto. The invention can be generally applied in 
systems where the connection between two transceiver units (a radiomobile or portable 
unit or PP {Portable Part according to the DECT tenminoiogy) and a fixed radio station 
or RFP (Radio Fixed Part) is realized. 

As already known, the DECT system includes a plurality of fixed radio stations 
distributed in a way to cover the interested areas and controlled by a centralised unit 
(CCFP, Central Control Fixed Part), and connected to a switching network which may 
be the public one of the private type (PABX), and of portable units linking up via radio 
with the fixed radio stations, and being able to communicate with each other and with 
others fixed users connected to the telephone network. The links may be of the voice 
type or they may enable the exchange of data occupying the equivalent of one or more 
voice "channels". 

25 At'first, an exemplary DECT network architecture is schematically illustrated in Fig. 1 . 

It comprises groupings of h (in the example of the figure h = 4) fixed radio stations 
RFP (Radio Fixed Part) preferably connected to coppers (in the example 3 coppers) 
set up by connection or dorsal lines L through drop/insert devices Dl. Without departing 
from the scope of the present invention, it turns obviously out to be possible to connect 
30 in a star-shaped way each RFP to the CCFP eliminating the aforesaid connection lines, 
and therefore obviously also the Drop/Insert devices DL 

Each RFP can manage via radio a certain number of PPs, which generally are 
mobile, 
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The coppers end up at a ^ TRAnScoder unit TRAS, and the latter is for exampie 
connected to the public network PSTN (Public Switching Telephone Network) through 
a Central Control Fixed Part (CCFP) associated to a switching network or a dedicaded 
switching module MEP. 

5' Regarding the vocal signals, digital 64 Kbit/s channels typically set up the interface 
between the CCFP and the accessed network. To the CCFP unit a set of transcoders 
TRAS is associated providing for the conversion of the PCM codification (Pulse Code 
Modulation) on 8 bits used at the PSTN side into an ADPCM (Adaptive Differential 
Pulse Code Modulation) codification on four bits used at the DECT side. In this way two 

10 32 Kbit/s channels can be mapped onto each 64 Kbit/s channel. 

The 2,048 Mbit/s (bi-directional) connection link connecting the CCFP to the 
different RFPs supports therefore 48 voice channels plus a predetermined number of 
synchronisation and signalling channels. 

The area covered by a fixed radio station or ceil is generally rather reduced, arriving 

15 also to a radio coverage radius of tens or hundreds of metres. Typical applications of 
the personal telephony systems can be found in industrial plants where they may 
substitute the installation of a cabled network, in shopping centres or urban centres 
where they may advantageously substitute public telephone boxes and so on. 

The telecommunication network for personal telephony is of the digital type. The 

20 radio access technology is of the type FDMA (Frequency Division Multiple Access) - 
TDMA (Time Division Multiple Access) - TDD (Time Division Duplex). 

The system is of the TDD type as the transmission and reception direction are time 
divided. More precisely, as illustrated with reference to Fig, 2, the time frame inten/al of 
10 milliseconds is divided into two halves: usually during the first 5 ms (i.e. in the first 

25 half frame) the fixed radio station transmits and the portables receive, and in the 
following 5 ms (i.e. in the second half frame) the contrary happens. Each half frame is 
set up by 12 time channels or time slots, hereafter for the sake of brevity also referred 
to as "slot", (from which it comes that DECT is a TDMA system, set up by 420 (or in 
some cases by 424) bits. The slots are transmitted or received using 10 (or more) 

30 different frequencies (from where it results that DECT is an FDMA system as well, 
which allows to provide to the system up to 120 (or more) radio channels (where a 
radio channel is identified by the pair (time slot + frequency). 

The DECT multiframe is illustrated in Flg.3 and has a duration of 160 ms, so that it 
includes 16 frames of 10 msec each as described in Fig. 2 
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For further details on the DECT system please refer to the specifications 
established by the European Telecommunications Standards Institute, briefly ETSI 
(Ref. EN 300 175 specification). 

In a DECT system the fixed radio station or RFP has an antenna system which may 
5 have different configurations: 

• N antennas (witii N equal to at least 2) for management in space diversity and/or 
polarisation of the received signal; 

• a set of sectorial antennas, that is a system in which a plurality of antennas is 
connected to each RFP where every antenna of the set lightens just a portion (or 

10 sector) of the entire ceil or of the RFP coverage area (usually trisection antennas 
are defined which implies therefore the use of antennas with a coverage angle of 
120'); 

• a set of phased antennas suitable to set up a radiation diagram with variable 
direction and gain. 

15 Moreover ttie RFP includes a selection device or appliance among the antennas 
enabling the selection of the most suitable one that is that antenna which assures the 
better quality for the detected signal- 
In fact the transmitted signal, especially in an urban environment, may be affected 
by the so-called fading phenomenon constituted by amplitude and phase variations of 

20 the electromagnetic field or of the power of the detected signal due to changeable 
propagation conditions. Because of such a phenomenon, in a predetermined instant 
the signal can be received with major intensity fi'om a predetermined antenna (or from 
a predetermined first group of antennas) while in a following instant this signal can be 
received with major intensity from a second antenna (or from another predetermined 

25 second group of antennas). 

Therefore mainly due to this phenomenon, it is necessary to choose time by time 
the antenna (or the antennas group) supplying the best signal. 
Background Art 

According to the known art the antenna selection appliance is able to manage an 
30 antenna switching according to two or more methods. 

In particular the switching may occur based on a switching method, called "time 
switch diversity" or it can be based on a switching method called "instant diversity". 
The switching method "time switch diversity" is based on the concept for which, in case 
the reception of a signal from an antenna (or antenna group) has to be considered 
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failed (according to a preset failure criterion), then in the next received frame a different 
antenna (or antenna group) is selected at the RFP (see also Fig. 2), The 
predetermined failure criterion may be of the proprietary type and couid be based for 
example on the estimation of the received field strength or RSSl (Received Signal 
5 Strength Indicator) or, more generally on the estimation of the perceived signal quality. 
This switching method "time switch diversity" presents the disadvantage that 
reaction can be slow in respect to the aforesaid fading phenomenon that should be 
hindered. 

The already known switching method named "instant diversity" is instead realised 
10 by a fast sampler able to carry out an RSSI measurement in a short time period equal 
to 2-3 |js with the possibility to switch the antenna in a comparable amount of time. For 
example, always according to the present state of the art it is possible to sample a 
signal at the beginning of the slot carrying out a measurement on the antenna 1 for 
about 3 ps, to change the antenna in a very short time, equal to about 1 * 2 ps and then 
15 sample the received signal on the other antenna. 

The "instant diversity" switching method has the advantage compared to Time 
switch diversity'' method that makes it possible to understand during the fir^t 10 ps 
which is the best antenna and which will be selected to detect the remaining part of the 
signal. 

20 However it is necessary to note that the "instant diversity'' method presents certain 
critical aspects from the implementation point of view, because such operations are 
earned out at the beginning of the slot, sacrificing a few of those bits (i.e. the preamble 
bits) useful for the timing reconstruction and which do not bring any user data. On the 
other hand it cannot be carried out during the slot, because the antenna switching 

25 introduces a discontinuity in the demodulation of the slot which would make lose pari: of 
its informative content. 

There has also been the proposal to use an extended preamble consisting in the 
repetition, at the beginning of the slot, of the preamble field in order to dedicate the first 
part of this field to the selection of the antenna and the second part to the specific 

30 function for which such a preamble has been foreseen by ETSl standard {like f.i. the 
timing reconstruction and alignment between the two communicating radio 
transceivers. However it is necessBry to point out that If such a solution to extend 
preamble field makes it possible to solve the above-mentioned problems, it also 
defines the turning up of a further drawback consisting in the shortening of the inter slot 
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guard periods, which means major interference among DECT systems which are not 
synchronised each other (e.g. because they do not refer to the same operator) and the 
shortening of the propagation range. 

A combination of "instant diversity" and preamble-based antenna selection technique is 
5 disclosed in the paper "Predetectlon quality diversity scheme for DECT outdoor 
applications S, Safavi and L.B. Lopes, ELECTRONICS LETTERS, voi.32, no. 11, 23 
May 1996 (1996-05-23), pages 966-968, XP000599112 ISSN: 0013-5194, 
This additional antenna selection technique has therefore the drawbacks above 
mentioned in connection with said instant diversity tecnique and in connection with said 
10 extended preamble tecnique Jn the case of a system that foresees sectorial antennas it 
is also known to carry out the selection of antennas in such array. More precisely, at 
the moment when the connection on the antenna in use turns out to be degraded, a 
switching operation can be carried out on other antennas to see if the connection 
quality improved, 

15 But such solution includes however the drawback that the choice requires to realise 
an RSSI measuring on a slot for each antenna of the array, and therefore it may last 
rather a lot of slots; too many bursts could be sacrificed because of having tried some 
antennas not suitable for this link. Moreover the measurements are heterogeneous with 
each other as they are carried out at different instants, 

20 Furthermore it is necessary to point out that as there is the possibility to cany out 
an RSSI measurement, methods have been proposed for the estimation of the speed 
of a mobile user which are based on the received field strength variation. Such finding 
is important for the handover between a DECT cell and another one of the GSM 
system when the mobile user moves quickly in relatively small cells. 

25 Object of the invention 

The object of the present invention is to overcome the above-mentioned problems and 
limitations, and in particular to propose a better method and a device for the selection 
of the most suitable antenna. Advantageously the method according to the invention 
allows also obtaining an estimation of the speed of the mobile user. 

30 Summary of the invention 

The present invention achieves these objects by means of a method with the 
features listed in claim 1 and by means of a device having the features listed in claim 
10. 

Additional features which are beiived to be novel are set forth with particularity in the 
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appended claims. 

According to the method of the invention, a series of measurements is carried out 
during the reception of the usefiji signal which does not overcome the adopted criterion 
to define the correlation of the slots and which will be declared as lost (so-called 
5 "SYNC FAILURE"). 

Now it will be illustrated the SYNC FAILURE concept The DECT standard presents 
an organised frame, so that the receiver, at the moment of receiving a useful signal 
from one radio channel, has to: 

1. reconstruct first of ail the phase timings (bit and slot) from the preamble field (16 + 
10 16 bits), 

2. and then demodulate the informative content (field A and field B), 

Some of these operations may fail, because of the different factors influencing the 
propagation such as link budget, selective fading, Doppler effect, etc. 

In particular there is a key function for the detection of the transmitted signal (said 
15 "Burst") from a radio channel, which can be identified in the correlation operation. Every 
RFP (and, of course, every PP) is therefore provided with a correlation circuit based on 
criteria which can be manufactured dependant When the found out correlation value 
does not overcome these criterions then the received burst is declared lost (SYNC 
FAILURE). 

20 According to the previous technique no other operation will be carried out on these 
lost bursts except the one of counting them as such (WER calculation, Word Error 
Rate), taking for granted in general, that the content cannot be recovered and that the 
selected antenna by which they have been received, was the worst one. 

Applying instead the innovative method the present invention is based on, that is 

25 executing some measurements on the received bursts having caused the sync failure, 
it turns out to be possible to achieve the following advantages: 

• the measures are not destructive for the useful signal as they are carried out on 
unusable slots; 

' it is possible to carry out in a very short time the measures related to the different 
30 antennas so that the selection of ttie most suitable antenna can be done in due time; 

• measures carried out in the lost slots are more significant because they take place 
together with a criticality in progress that has to be improved and resolved. 

Brief description of the drawings 

The invention will now be described in a more detailed way with reference to a 
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preferred but not limiting embodiment illustrated with reference to the enclosed 
drawings, in which: 

Fig. 1 , already described, shows the network architecture of a DECT system; 
Fig. 2, already described, shows the frame structure of the illustrated DECT 
5 system; 

Fig, 3, already described, shows the multiframe structure of the DECT system; 
Fig. 4 shows a flow chart of the antenna selection method according to the 
invention. 

The method according to the invention foresees that in the case of missed 
10 correlation all available antennas will be scanned sequentially carrying out a certain 
number K of cycles. 

The number K of cycles depends on the minimum duration of the measurement on 
each single antenna, on the minimum antenna switching time and on the number of 
available antennas according to the following relation: 
15 K =(420 * 868000 - X - Y) / (N*Ta+(N-1 fTC) 
where: 

"420" is the number of bits in a time slot 

"868000" is the bit time duration [|jS] 

"K" is the number of measurement cycles on the slot 
20 "N" is the number of antennas 

Ta** is the measurement time [yS] on the single antenna 

Tc" is the switching time [jjS] among the antennas 

"X" is the inferior limit [fjS] of the correlation time window 

"Y" is the superior limit [pS] of the correlation time window 
25 During said scanning period the RSSl values from the different antennas are 

measured, and tiierefore for each slot a table of the following type is collected: 

CYCLE 1 

ANT1 RSS!=[]dBm 
30 ANT 2 RSSI=[]dBm 



ANTN RSSI=[]dBm] 
Ta = []ps 
Tc = []ijs 
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CYCLE 2 

ANT1 RSSN[]dBrn 
ANT 2 RSS!=[]dBm 

5 

ANTN gSSl=[]dBm 
Ta = [I MS 
Tc = {]MS 



10 

CYCLE K 

ANT1 RSSI=[ldBm 

ANT 2 RSSI=[]dBm 



15 ANTN RSSI=[]dBm 
Ta = []MS 
Tc = [ ] MS 

Referring to Fig, 4, the method foresees the following steps: 
20 Step 1 : verify if the power variability of each antenna in the period of one slot is 

comprised in a preset range, for example ±3 dBm. 

Step 2: in the affirmative case, that is in stationary slot conditions, step 2 is started 

off to check if the power variability among the different antennas is comprised in a 

predetermined range, for example ±3 dBm. 
25 !n the negative case, according to the type of antenna{s), which has caused such 

result, the choice is earned out (antenna(s) selection). More precisely, it will be 

selected that antenna which turns out to be the best regarding the detected RSSl (i.e. 

which shows the major and stable RSSl value). 

Step 3: in the affirmative case, always at step 2, at step 3 a counter J(J=J+1) is 
30 increased, and at 

Step 4: it will be stated, if the J counter value is superior to a fixed threshold (J>Thre,?); 

in the negative case the table will be reconsidered, while in the positive case at 

Step 5: the table of the channels will be updated, and at 

Step 6; the bearer handover will be required as the diversity does not turn out to be 
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efficient 

!f the answer to step 1 is negative, that is if the power variability of each antenna 
during the period of a slot is high, then at 
Step 7: a counter I will be increased (1=1+1 ), and at 
5 Step 8: it will be checked, if the 1 counter value overcomes a preset threshold 
(l>Tresh.?): in the negative case the table will be considered again, while in the 
positive case at 

Step 9: the mode handover will be required to the PP, as this means that the portable 
set is moving with an appreciable speed compared to the dimensions of the cell and 

10 therefore defining frequent handover creates problems to the serving system. For this 
reason if the PP is of the dual band type, that is able either to operate according to the 
GSM and the DECT standard, then the PP will be forced to hand-over towards the 
GSM system, its speed being reasonably compatible with the operating modalities of 
such a system and incompatible with the operating modalities of the DECT system. 

15 The measures correlated to the innovative method according to tfie present 
invention supply therefore the following additional information: 

1 ) SWITCH OR INSTANT DIVERSITY 

1) confirmation of the hypothesis that the used antenna is the worst (the hypothesis 
20 is based on the fact that the burst has not been received correctly). 

2) EfRciency of the antenna diversity, in the case the measurements carried out on 
different antennas are comparable, that is contained In a range of + / - 3 dB) and still 
the transmitted burst is not correctly detected (i.e. it has been lost) it is preferable not to 
insist on the use of the diversity, but it Is preferable to suggest the PP to carry out a 

25 handover. 

3) The event with similar measurements could be stored as a statistic counter to 
value the entity of the improvement introduced by the antenna diversity. 

A further advantage of this improvement consists in the fact that the extracted 
information is much more significant and efficient the more critical the situation of the 
30 channel and therefore the number of lost bursts are. 

However nothing prohibits, in the case of finding possible anomalies, to extend these 
measurements outside of the lost bursts, sacrificing some correctly detected bursts or 
using other techniques to save the situation. 

2) SELECTION IN A SECTORIAL ARRAY 
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During a slot it is possible to value the power received from all antennas of the array, 
selecting the one with the major received power. 

The advantages in this case are the following: 
L the measurements are carried out in a very short time and therefore they provide 
5 homogeneous information; 

2. time consuming researches by attempt are avoided on antennas which reception 
turns out to be of bad quality; 

3. estimation of the mobile speed. 

Regarding the estimation of the speed, this can happen according to two modalities. 
10 When the duration of the slot is comparable to the duration of the fading phenomenon, 
the slot fading conditions can be considered as stationary for the mobile speed below 
10-15 [KM] /h. 

But when the duration of the slot is too short compared to the fading phenomenon, the 
measurement is used as a trigger for other measurements, 
15 Although a particular embodiment of the present invention has been described, it 
should be understood that the present invention is not limited thereto since other 
embodiments may be made by those skilled in the art without departing from the scope 
thereof. It is thus contemplated tiiat the present invention encompasses any and at! 
such embodiments covered by the following claims. 

20 
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CLAIMS 

1. Method for the antenna selection in the fixed radio station (RFP) of a digital 
telecommunication system of the TDMA type, in which the signals are arranged in 

5 frames with a preset duration, and in each frame a predetermined number of time slots 
are assigned, 

said system including a plurality of radiomobile units (PP), and said fixed radio station 
(RFP), which at its turn includes correlation means, i.e. means adapted to perform the 
correlation operation at the moment of receiving of each time slot of the frame of said 
10 digital signal and means adapted to select one antenna, or a plurality of antennas, 
connected to them, and in particular; 

• N antennas, with N>1, for the management in space diversity and/or polarisation of 
the received signal, and/or 

• an array of sectorial antennas, and/or 
15 • an array of phased antennas, 

characterised in that it comprises the following operational steps: 

a) veri^ing if the correlation operation carried out by said correlation means has been 
successful or not; 

b) in the case of failed correlation, sequential scanning within the same time slot of all 
20 available antennas and repeatedly measuring the received field strength or RSSl for a 

predetenmined number K of measuring cycles; 

c) compiling a table containing for each antenna K measured RSSl values; 

d) verifying if the power variability of each antenna during the period of a time slot is 
included in a first preset range; 

25 e) in the affirmative case, verifying if the power variability between the different 
antennas stays in a second preset range comparing the data contained in the above- 
mentioned table; 

f) if the verification according to the previous step e) has a negative result, starting the 
selection of the antenna/s applying a criterion which takes into consideration the result 
30 of the comparison according to the previous step e). 

2, Method according to claim 1, characterised in that said fixed radio station 
(RFP] includes at least a pair of space diversity antennas and in that the criterion 
according to step f) consists in the choice of the antenna which received field strength 
value turns out to be the highest one among all measured ones. 
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3. Method according to claim 1 , characterised in that said frxed radio station 
(RFP) includes at least an array of sectorial antennas, and in that the criterion 
according to step f) consists in the choice of the antenna, which received freid strength 
value turns out to be the highest one among all measured ones. 
5 4, Method according to claim 1, characterised in that, if said verification phase 

according to step d) does not have an affirmative result, it comprises a further step to 
verify if such value overcomes a first preset threshold, and if not the cycle of operations 
will be repeated starting from the above-mentioned step b). 

5. Method according to claim 4, characterised in that, if the radiomobiie unit is of 
10 the dual mode type and if said further checking step to verify if said value is higher than 

said first preset threshold has a positive result, also the operational modality change 
request of the radiomobiie unit will be started off (mode handover). 

6. Method according to claim 1, characterised by fact that, if said verification 
phase according to step e) points out an overcoming of said second preset range, a 

15 further step is foreseen to verify if the power difference among the different antennas 
overcomes a second preset threshold, and in the negative case, the cycle of operations 
will be repeated starting from the above-mentioned step b). 

7. Method according to claim 6, characterised in that, if said further step to 
verify if the difference of power among tiie different antennas overcomes a second 

20 preset threshold has a positive result, then also the request to change the bearer in use 

will be started off (bearer handover). 

. 8. Metfiod according to claim 1, characterised in that said number K of 

measuring cycles is calculated according to the following formula: 

K =(420 * 868000 - X - Y) / (N*Ta-H(N-1 )*TC) 
25 where: 

"420" Is the number of bits in a time slot; 
"868000" is the bit time duration [ijS]; 
"N" is the number of antennas; 

Ta" is the measurement time [yS] on the single antenna; 
30 - Tc" is the switching time [pS] among the antennas; 

"X" is the inferior limit [pS] of the correlation time window; 
"Y" is the superior limit [pS] of the correlation time window. 
9, Method according to the previous claims, characterised in that said first and 
second preset ranges are equal to ± 3 dBm. 
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10. Device for the antenna selection in the fixed radio station (RFP) of a digital 
telecommunication system of the TDMA type, in which the signals are arranged in 
frames with a predetermined duration, and in each frame a predetermined number of 
time slots will be assigned, said system including a pJurality of radiomobile units (PP) 
5 and said fixed station (RFP) which at its turn includes means adapted to carry out the 
correlation operation at the moment of receiving each time siot of the frame of said 
digital signal and means for the selection of one antenna or of a plurality of antennas to 
which are connected: 

• N antennas for the management in space diversity and/or polarisation of the 
10 received signal, and/or 

• an array of sectorial antennas, and/or 

• a phased array of antennas, 

characterised in that it operates according to the method disclosed in claim 1 . 
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